The sequence of the T-terminal 2956 nucleotides, excluding the poly(A) tail, of the citrus tatter leaf virus (CTLV) genome was determined and compared with that of the apple stem grooving virus (ASGV) genome. The sequence of the 3'-terminal region of CTLV contains two overlapping open reading frames (ORFs) and a 3'-terminal non-coding region of 142 nucleotides. The long, incomplete ORF1 ends at UAG (position 2812) and encodes a protein with at least 938 amino acids (M r > 108703) . This protein contains the GDD motif associated with the RNA polymerase. ORF2, in a different frame within ORF1, starts at AUG (position 1248) and stops at UGA (position 2208) encoding a protein with an M r of 36179 (36K). Partial homologies were found among the 36K protein of CTLV, the 50K protein of apple chlorotic leaf spot closterovirus, the 40K protein of potato virus T and the gene 1 products of caulimoviruses. The arrangement of ORFs in the 3'-terminal region of the CTLV genome is in perfect agreement with that of the ASGV genome. The sequence of the T-terminal 2956 nucleotides, excluding the poly(A) tail, of the CTLV genome shows 86' 1% identity to that of the ASGV genome. Similarities of amino acid sequences encoded by ORF1 and ORF2 of CTLV with the corresponding regions of ASGV are 86.1% and 97"3 %, respectively. These results indicate that CTLV is a capillovirus closely related to ASGV.
Citrus tatter leaf virus (CTLV) is a very flexous filamentous particle 650 nm long and contains an ssRNA and a coat protein of M,. 27000 (Semancik & Weathers, 1965; Inouye et al., 1979; Nishio et al., 1989) . It has been suggested that the virus is classified in the capillovirus group (Francki et al., 1991) on the basis of its particle structure, the M r of the coat protein and its serological relationship to apple stem grooving virus (ASGV), which is the type member of this group (Nishio et al., 1989) .
Recently, the complete nucleotide sequence of the genome of ASGV and the nucleotide sequence of the 3'-terminal region of RNA of potato virus T (PVT), another member of the capillovirus group, were reported (Yoshikawa et al., 1992; Ochi et at., 1992) . Surprisingly, the genome organizations of these two viruses are quite different. ASGV has two overlapping open reading frames (ORFs) encoding a 240K polyprotein and a 36K protein (Yoshikawa et al., 1992) . The 240K polyprotein contains the conserved motifs of helicase and RNA polymerase, and coat protein. In contrast, three ORFs
The nucleotide sequence reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases under the accession number D16368. encoding proteins of M r > 29K, 40K (putative movement protein) and 24K (coat protein) were found in the T-terminal region of PVT RNA (Ochi et al., 1992) .
To clarify the genome organization of the capillovirus group, we investigated the particle properties and the nucleotide sequence of the T-terminal region of CTLV, which is a possible member of the capillovirus group, and compared them with those of ASGV.
CTLV (isolate Li-23) (Inouye et al., 1979) was propagated in Chenopodium quinoa and purified by the method of Nishio et al. (1989) , except that the CPG-700 column chromatography step was omitted. ASGV was puriried as described previously (Yoshikawa & Takahashi, 1988 ). Viral RNAs were extracted from purified viruses by dissociation in 2% SDS for 15 rain at room temperature, followed by extraction with phenolchloroform.
Viral RNAs were denatured with formaldehyde and electrophoresed in 1% agarose tubular gels in MOPS buffer (Sambrook et al., 1989) . Viral proteins were analysed by electrophoresis in a 10% polyacrylamide-SDS gel using the buffer system of Laemmli (1970) .
CTLV RNA denatured with formaldehyde migrated as a single band in a 1% agarose gel and its mobility was almost the same as that of ASGV RNA (data not shown). The Mr of CTLV RNA was estimated as 2"35 x l0 s. This value is not consistent with the 2"83 x 106 obtained by Nishio et al. (1989) . This discrepancy may be due to the electrophoresis conditions used. The coat protein of CTLV showed the same mobility in a 10 % polyacrylamide gel as that of ASGV (data not shown), in agreement with the result reported previously (Nishio et al., 1989) . As CTLV has already been reported to be serologically related to ASGV (Nishio et al., 1989) , we investigated the serological relationships between these viruses using ASGV antiserum. Purified viruses were diluted serially from 200 ng to 6.25 ng and analysed by Western blotting using ASGV polyclonal antiserum. Unexpectedly, ASGV antiserum reacted equally with the coat proteins of both CTLV and ASGV throughout the dilution range (data not shown). Peptide mapping of the coat proteins of CTLV and ASGV using V8 protease (Cleveland et al., 1977 ) also revealed that both had very similar patterns of peptide fragments (Fig. 1) . These results indicated that the coat proteins of these two viruses have very high similarity in their amino acid sequences, which is in agreement with the report that three selected monoclonal antibodies against CTLV all reacted with two ASGV isolates, as well as 20 isolates of CTLV (Kawai et al., 1991) .
For sequence analysis of the CTLV genome, first and second strand cDNAs were prepared from 2 gg of CTLV RNA according to Gubler & Hoffman (1983) using oligo(dT) or random primers as described before (Yoshikawa et al., 1992) . The dsDNAs were ligated to the Sinai site of Bluescript KS + and used to transform competent Escherichia coli DH5c~ cells. For sequencing we selected three clones: pBCTL26 (0.8 kbp), pBCTL44 (2.8 kbp) and pBCTL2 (2-4 kbp). The former two clones were synthesized using oligo(dT) primer and the latter using random primer• Deletion mutants were prepared from these clones using exonuclease III and mung bean nuclease (Henikoff, 1984) and sequenced by the dideoxyribonucleotide chain termination method of Sanger et al. (1977) using Sequenase version 2.0 (United States Biochemical). Every base was determined by sequence analysis from at least two independent clones or from a single clone sequenced twice. All nucleotide sequence data were collected and analysed using the program GENETYX version 8.0 (Software Development). The similarity analyses of the nucleotide and amino acid sequences were done by the HOMOGAP program of GENETYX.
The two clones pBCTL26 and pBCTL44 synthesized using oligo(dT) primer contained poly(A) tracts and are thought to represent Y-terminal regions. The sequence of the Y-terminal 2956 nucleotides, excluding the poly(A) tail, was determined (Fig. 2) . Analysis of the potential ORFs of this region showed that two overlapping ORFs were present in the positive strand. The long, incomplete ORF1 ends at UAG (position 2812) and encodes a protein with at least 938 amino acids ( M r > 108703) (Fig. 2) . This protein contains the consensus sequence associated with RNA-dependent RNA polymerase (Fig.  2) . ORF2, in a different frame within ORF1, starts at AUG (position 1248) and stops at UGA (position 2208), encoding a polypeptide with an M r of 36179 (36K). The Y-terminal non-coding region of CTLV RNA is 142 nucleotides long excluding the poly(A) tail and contains a putative polyadenylation signal AAUAAAA (positions 288l to 2886). The above results indicate that the arrangement of ORFs in the Y-terminal region of the CTLV genome is in perfect agreement with that of the ASGV genome (Fig. 3) (Yoshikawa et al., 1992) , but not with that of the PVT genome (Ochi et al., 1992) .
The sequence of the T-terminal 2956 nucleotides excluding the poly(A) tail of CTLV RNA shows 86.1% identity with that of ASGV RNA. The Y-terminal noncoding regions (142 nucleotides) of both CTLV and ASGV RNAs share a nucleotide sequence identity of 97.3 %. Overall similarity of the amino acid sequence of the protein encoded by ORF1 of the CTLV genome with that encoded by the corresponding region of the ASGV genome is 86.1%. However, the degree of similarity 
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1401 GTTTCCTCCAGGTCTGGGG ATGGACTGGTCTTGTeAGATTTCAAGTTGCTTOATGACACTGA AATCGACTCAATCAGGAAAA AGAGCA ACAAGTACAAGT varies among the regions of ORF1. The N-terminal region (positions 1 to 415 for CTLV and 1169 to 1583 for ASGV) and the C-terminal region (positions 684 to 937 for CTLV and 1852 to 2105 for ASGV) share 98"3 % and 97.7 % identities, respectively. On the contrary, similarity of the internal regions (positions 416 to 683 for CTLV and 1584 to 1851 for ASGV) is relatively low (56'3 %). Interestingly, the portion of the genome encoding this internal region is the same as the portion encoding ORF2 in the other frame. The N-terminal region is thought to be part of RNA polymerase because this region contains the conserved motif of the RNA-dependent RNA polymerase (Koonin, 1991) . The C-terminal region of the ORF1 protein is believed to correspond to the coat protein (Yoshikawa et al., 1992) . The high amino acid sequence identity of the C-terminal region of ORF1 between CTLV and ASGV is in good agreement with our results showing that ASGV antiserum reacted equally with the coat proteins of both CTLV and ASGV. We have already reported that the C-terminal region of the ORF1 protein of ASGV has 37.9 % similarity with that of the apple chlorotic leaf spot closterovirus (ACLSV) coat protein (Yoshikawa et al., 1992) . The C-terminal region of ORF1 of CTLV also has similarities with the coat proteins of ACLSV (German et al., 1990) (37"9%/103 amino acids) and PVT (Ochi et al., 1992) (27-8 %/176 amino acids). The function of the internal region which has relatively low similarity between CTLV and ASGV is not clear. The ORF2 proteins of CTLV and ASGV are highly conserved and have 97.3 % amino acid sequence identity. The protein encoded by ORF2 of ASGV contains the sequence Gly Asp-Ser-Gly which is found in the active site of several cellular and viral serine proteases (Yoshikawa et al., 1992) . The ORF2 protein of CTLV also has this sequence (positions 197 to 200) (Fig. 2) . In vitro translation of CTLV RNA gave rise to a large protein (data not shown) of the same mobility as the 200K protein of ASGV (Yoshikawa & Takahashi, 1992 50K protein of ACLSV (German et al., 1990) (22-4 %/196 amino acids), the 40K protein of PVT (Ochi et al., 1992 ) (20.6%/315 amino acids) and the gene 1 products of cauliflower mosaic virus (CaMV) (Franck et al., 1980) (22"1%/77 amino acids) and figwort mosaic virus (FMV) (Richins et al., 1987 ) (17-3%/173 amino acids), which are proposed to be involved in cell-to-cell movement of the viruses (German et al., 1990; Hull, 1989; Koonin et al., 1991; Melcher, 1990) . Two motifs assumed to be crucial for the movement proteins reported by Koonin et al. (1991) are conserved in the ORF2 proteins of CTLV and ASGV (Fig. 4) . This suggests that the ORF2 proteins of capilloviruses may have a second function as movement proteins. A similar situation is found for the P1 protein of tobacco vein mottling potyvirus, which has a proteolytic activity and sequence similar to that of the 30K movement protein of tobacco mosaic virus (Domier et al., 1987; Riechmann et al., 1992) . Experiments on the functions of ORF2 proteins of capilloviruses are currently in progress. The results described above indicate that CTLV is very similar to ASGV with respect to particle and serological properties. The genome organization in the 3'-terminal region of the CTLV genome is perfectly consistent with that of the ASGV genome. Both viruses also resemble each other in experimental host range and in the symptoms produced in mechanically inoculated herbaceous plants (Lister, 1970; Inouye et al., 1979) , although it is still not known whether CTLV can infect apple trees, the original host of ASGV. Recently, it was shown that ASGV could infect Etrog citron (Citrus medica) and induce symptoms similar to those induced by CTLV infection (Iwanami et al., 1991) . This evidence suggests that CTLV should be regarded as an isolate of ASGV although, at present, both are thought to be distinct viruses.
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PVT, presently classified in the capillovirus group, shares many properties with CTLV and/or ASGV, e.g. particle length, characteristic 'criss-cross' structure on the surface of particle, M~.s of RNA and protein, experimental host range and symptoms induced in mechanically inoculated herbaceous plants (Inouye et al., 1979; Lister, 1970; Nishio et al., 1989; Yoshikawa & Takahashi, 1988) . PVT is also reported to be sero-logically related to ASGV (Salazar & Harrison, 1978a, b) . However, the genome organization of the 3'-terminal region of PVT is quite different from those of ASGV and CTLV, though partial similarities were found in the proteins encoded by both viruses.
The classification of the short clostero-like viruses, including capilloviruses, should now be reexamined and further investigations performed on the genome organizations of these viruses.
